Withholding nitrogen decreased the percentages of nitrogen and chlorophyll in the blades; reduced the total fixation of radioactive carbon dioxide at 15, 37, and 178 seconds; and changed the relative composition of fixation products. Translocation of radioactive photosynthate from the fed part down the attached blade and into the stalk was less in the plants deprived of nitrogen than in the control plants supplied with nitrogen. Both the percentage of total activity translocated and the velocity of transport were decreased by nitrogen deficiency. During a translocation period of 90 minutes the minus nitrogen blade retained more '4C-sucrose than the control in the fed part and the blade below the fed part, but it sent less '4C-sucrose to the sheath of the fed leaf. Thus translocation decreased with nitrogen deficiency not for lack of sucrose but for some other reason. Although withholding nitrogen decreased translocation of labeled carbon in and from attached blades, there was no effect upon transport in detached blades. The effect of nitrogen deficiency upon translocation may be indirect and secondary to the effect upon growth of the plant as a whole.
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Factors affecting translocation of 'IC in sugarcane include supply of K, N, and P (8, 10, 11) . Although the transport of sugar takes place in living cells and may depend upon enzyme action (15) , few experiments have been reported dealing with the effect of N nutrition upon translocation of carbohydrates, especially those labeled with "4C. Some experiments have indicated that N accelerates translocation (1, 3, 6) . Other results have shown that the effect of N upon translocation may depend upon the stage of growth (7, 17) , length of the translocation period (5) , and whether the N is supplied as NO3-or NH4+ (2, 5) . N nutrition may also affect the composition of the translocate (16) .
The purpose of this paper is to report the effect of N deficiency upon translocation in sugarcane plants which was Equal doses of 14CO2 were supplied to 20-cm lengths of blade of intact plants outdoors where grown, by the use of the chamber described previously (8) . Translocation was terminated by cutting the plant into the required parts. Samples were prepared and their radioactivity was determined by methods already presented in detail (13) . Briefly, at harvest the plants were subdivided, weighed, and sampled. Dried, milled samples were counted at infinite thickness. Samples of extracts were counted at infinite thinness. Samples for sugar analyses were boiled and extracted with ethanol. Sugars were analyzed by the method described by Tanimoto and Burr (18) and chromatographed by the methods given previously (13) . Chromatograms were counted on the paper.
Results counted at infinite thickness are expressed as relative specific activity (the net cpm at infinite thickness), relative total counts (the relative specific activity times the total dry weight in milligrams), and percentage of relative total counts in the plant or detached blade (obtained by adding the relative total counts of each part). Results counted at infinite thinness are expressed as total counts.
Methods for Photosynthesis Test. The early and later stages in photosynthesis (15, 37 , and 178 sec) were studied in one experiment. Three sections of blade each 7.5 cm long, including midrib and lamina, were cut from the central part of blade 42 of a control plant and also of a plant deprived of N. Alternate sections of + and -N blades stood in a trough of water at the base of a wire rack which supported the blade sections. The rack was placed in an 18-liter aquarium which served as a photosynthesis chamber. The upper cut ends of the blade sections protruded slightly through a slit in the plastic cover of the aquarium. Scotch tape was placed over the slit, so that the entire 7.5 cm blade sections were in the aquarium. Eighteen cubic centimeters of '2CO2 were injected into the aquarium, and 10 min were allowed for preillumination. Light measured 3000 ft-c (unilateral, incandescent) and temperature 25.5 C, both measurements being outside the chamber. At 10 min, 1 mc of '4CO2 was injected into the chamber, 2The blades were numbered from the top downward with the spindle as blade 1. and the air was stirred by continuous pumping with the syringe. At intervals, the Scotch tape was partially and temporarily opened, and one blade section each of +N and -N treatments were removed simultaneously and dropped immediately into separate containers of boiling 95% ethanol. Actual times measured by stopwatch were 15, 37, and 178 sec from feeding to killing, with about 2 sec less in the chamber. Boiling was continued for 5 min. After cooling, the samples were blended and extracted with alcohol followed by water. Alcohol and water extracts and residues were counted separately. Aliquots of the alcohol and water extracts were then combined for analysis and chromatography by methods described by Kortschak et al. (14) . RESULTS N and Chlorophyll. Three days before starting the t;anslocation tests, samples were taken of blade 4 for determinations of N and chlorophyll, with these results on the dry weight basis: total N in control, 2.36%; in -N, 1.28%; chlorophyll in control, 1.039%; in -N, 0.372%. It is thought that the blades in all the translocation tests with the same variety differed at least as much as N and chlorophyll. Leaves of the control plants in all tests were a good green in color, whereas the N-deficient blades were pale green. The control plants were larger than the plants deprived of N.
Photosynthesis. In the same blades before the analysis for N and chlorophyll, N deficiency decreased total fixation of 14CO9 at 15, 37, and 178 sec (Fig. 1) . This difference is in agreement with results obtained with the infrared analyzer showing that at 6 months of age the rate of photosynthesis was directly related to the supply of N and the percentage of total N in the blade (12) .
Chromatographically separated constituents were studied at 178 sec (Table I) . Compared with the controls, N deficiency caused an 82%-C decrease in counts in alanine and a 73 %' decrease in malic acid, but only a 58 % decrease in total counts. There were smaller decreases in glycerate-3-P and sucrose and increases in several constituents. N deficiency not only decreased total fixation of 14CO2 but also changed the relative composition of fixation products.
Translocation in Attached Blades and Entire Plants. The percentage of 14CO2 translocated from the fed part in 30 min and in 90 min was less in the -N than in the control (Table II) profile (Fig. 2) . Thus N deficiency interfered with translocation of labeled photosynthate. Sucrose. Since N deficiency had caused a decrease in total fixation ( Fig. 1) and a small decrease in labeled sucrose (Table II) , before the translocation tests were conducted, the question arose whether translocation was inhibited because of a lack of available sucrose. Sucrose analyses and chromatography after translocation for 90 min (Table II) are recorded in Table III . There were higher percentages of sucrose in the -N plants than in the controls in all parts studied, in agreement with usual findings (4). Chromatography of the fed blade, at and below the fed part, showed more labeled sucrose in the -N than in the control. In the sheath, however, the control had more labeled sucrose. Thus, N deficiency, like K and P deficiencies (8, 10, 11) , prevented the translocation of sucrose, not because there was no sucrose available for translocation, but for some other reason.
The effect of N deficiency upon translocation might be due to its effect upon some product of photosynthesis other than sucrose, upon the process of translocation itself, or upon the sink effect in the rest of the plant. To study the third possibility, an experiment was conducted with detached blades. Although all the -N blades were much yellower than the controls, there was no difference in translocation either at 2000 ft-c or in the dark (Table IV) (9) . in the stalk. Data on sucrose are presented in Table III. Since detached blades so deficient in N that they were very yellow could translocate 14C as well as control green blades, whereas attached deficient blades could not, the effect of N deficiency upon translocation may be indirect and secondary to the effect upon growth of the plant as a whole.
